Study objective: To determine the appropriate chemotherapy regimen for inoperable, chemotherapy-naïve non-small cell lung cancer (NSCLC) in elderly patients. Setting: National teaching hospital in Taiwan. Design: We retrospectively analyzed data from our clinical trials for a total of 270 patients and compared them with the data from other studies, addressing the elderly in particular or providing subgroup information on age, to analyze the feasibility of current chemotherapy options for elderly patients and possible alternative approaches. Results: The response rates and median survival times of fit elderly patients with NSCLC who were receiving appropriate new anticancer drugs for chemotherapy, including single-agent or combination treatment, were no worse than those of younger patients, and the response rates may have been even higher in the elderly patients, while survival time was slightly poorer in this group. The risk of adverse side effects, such as myelosuppression and peripheral neuropathy, may be higher in elderly patients, who also visit the hospital more frequently. Some items on the lung cancer symptom scale for elderly patients were rated as being slightly worse than those for younger patients after chemotherapy. Conclusion: Advanced age alone should not preclude chemotherapy. New single-agent drugs, and non-platinum-based or platinum-based doublets, can all be considered as appropriate treatment for selected fit elderly patients with advanced NSCLC.
L
ung cancer is the leading cause of cancer death in the world. It is a typical disease of elderly patients, with a peak incidence at around 70 to 80 years of age. 1, 2 There is more squamous cell carcinoma, at a relatively early staging among this group, and a higher proportion of elderly patients refuse treatment or receive incomplete treatment, when compared with younger patients. 2, 3 The reason for the higher percentage of early-stage patients is probably the more frequent chest screening, due to the presence of comorbid disease, and the higher frequency of squamous cell carcinoma, which has a tendency toward local invasion instead of distant metastases. Lung cancer in elderly patients is often treated suboptimally due to the presence of comorbid diseases that prohibit part or most chemotherapy options, and because the patients subjectively feel that they are doing well and have survived long enough, thus needing no treatment. Therefore, investigative procedures and treatments are undertaken less frequently in elderly patients.
Usually, when a man is Ն 60 years of age, we feel that he is old. When he is Ն 80 years of age, we consider him to be very old. In clinical trials, we usually consider those persons who are Ն 70 years of age to be elderly, and those Ͻ 70 years of age to be nonelderly. However, the best way to define elderly for daily patient care is "when the heath status of a patient population begins to interfere with the oncologic decision-making guidelines." 4 Investigators from the Southwest Oncology Group retrospectively analyzed the percentage of elderly patients participating in their cancer treatment trials, and found that elderly patients Ն 65 years of age accounted for 66% of the lung cancer study population but only 39% of those participating in their clinical trial. 5 This underrepresentation of elderly patients is even more marked in those Ն 70 years of age. For example, one third to 40% of lung cancer patients are Ն 70 years of age; however, they accounted for only 15% of the study population in the Eastern Cooperative Oncology Group 5592 trial. 6 In the present study, we used data from our clinical trials and others to analyze the feasibility of current chemotherapy options for elderly patients with non-small cell lung cancer (NSCLC).
Materials and Methods
We retrospectively reviewed and analyzed three clinical trials using new anticancer drugs against chemotherapy-naïve NSCLC patients, which we undertook between 1998 and 2002 (total of 270 patients). The three trials included a vinorelbine-plusgemcitabine study (40 patients), 7 a paclitaxel-plus-carboplatin vs paclitaxel-plus-gemcitabine study (90 patients), 8 and a cisplatinbased combination chemotherapy study comparing weekly vinorelbine therapy and weekly paclitaxel therapy (140 patients). 9 Patients were classified into a nonelderly group (ie, Ͻ 70 years of age) or an elderly group (Ն 70 years of age). The response rate, toxicity profiles, survival times, and lung cancer symptom scale scores were compared between these two groups of patients. The response rate and survival time were both analyzed with an intention-to-treat principle. Overall survival time and time-todisease progression were analyzed using the Kaplan-Meier estimation method and log-rank test. The time-to-disease progression was calculated from the date of initiation of treatment to the date of disease progression or death. If disease progression had not occurred by the time of this analysis, progression-free survival was considered to have been censored at the time of the last follow-up visit. Survival time was measured from the date of the initiation of treatment to the date of death. If death had not occurred, survival time was considered to have been censored at the last follow-up time. All comparisons of clinical characteristics, response rates, toxicity incidences, days spent visiting or staying in the hospital, cost of the treatment, and changes in the lung cancer symptom scale scores were performed using analysis of variance (ANOVA).
Results
The first study was performed with a vinorelbineplus-gemcitabine treatment in chemotherapy-naïve NSCLC patients. 7 From March to September 1998, 40 patients were enrolled into the study. Vinorelbine, 20 mg/m 2 , and gemcitabine, 800 mg/m 2 , were administered on days 1, 8, and 15 every 4 weeks. Seventeen patients (42.5%) were Ն 70 years of age, and 23 patients (57.5%) were Ͻ 70 years of age. There was no significant difference in the clinical characteristics between the two age groups of patients ( Table 1 ). The older patients tolerated the treatment well, with a median of five cycles of treatment. They had a better response rate (88% vs 60.9%) but a slightly poorer survival time (median survival time, 10 vs 12.5 months, respectively) than the younger patients, although the difference did not reach statistical significance ( Table 2 , Fig 1) . Myelosuppression and fatigue were more severe in the elderly patients; however, statistical significance was reached only for anemia (p ϭ 0.01, Table 2 ).
The second study was a phase II randomized study comparing therapy with paclitaxel plus carboplatin vs therapy with paclitaxel plus gemcitabine in chemotherapy-naïve NSCLC patients aged Ͻ 80 years of age. 8 From 1999 to 2000, 90 patients were enrolled into the study. Almost half of them were Ն 70 years of age (Table 3 ). In one arm of the study, paclitaxel, 175 mg/m 2 , and carboplatin at an area under the curve of 7 were administered on day 1 every 3 weeks, while in the paclitaxel-plus-gemcitabine arm, paclitaxel, 175 mg/m 2 , was administered on day 1 and gemcitabine, 1000 mg/m 2 , was administered on days 1 and 8 every 3 weeks. When we consider these two non-cisplatin-based treatment groups together, there were more female patients in the group of patients who were Ͻ 70 years of age (p ϭ 0.004), otherwise, there was no significant difference in clinical characteristics (Table 3 ). The treatment response rate was higher among the older patients (50% vs 30.4%, respectively), although the difference did not reach statistical significance (p ϭ 0.173). Elderly patients tolerated treatment well, with a median of four cycles of treatment. Their survival time was similar to that of the younger patients (Table 4, Fig 2) . The leukopenia rate was higher in the younger patients. The incidences of anemia, thrombocytopenia, and neuropathy were higher in the elderly patients. However, statistical significance was reached only for anemia (p Ͻ 0.001). The elderly patients needed more outpatient department follow-up and expended more days visiting or staying in the hospital (Table 4) . There was no difference in the total cost of treatment, including the costs of drugs, administration, examination, and outpatient clinic fees, and fees associated with emergency department visits, between the two age groups (Table 4) . However, there was a small, but significant, difference in the costs related to emergency department visits.
The third study 9 was a cisplatin-based combination chemotherapy study comparing weekly therapy with vinorelbine and weekly therapy with paclitaxel. From 2000 to 2002, 140 patients were enrolled into the study, and half of them were Ն 70 years of age ( Table 5 ]. Both age groups had the same response rate (38.6%). The rate of all hematologic toxicities was significantly higher in the older pa- tients. Severe fatigue and peripheral neuropathy were also more common in the older patients (Table  6 ). In the efficacy analysis, the older patients tolerated treatment well, despite the fact that they had more treatment-induced toxicity; both age groups had received four cycles of treatment (Table 6) . Older patients had a slightly poorer survival time, although the difference did not reach statistical significance (Table 6 , Fig 3) . The lung cancer symptom scale scores showed significantly worse appetite, fatigue, dyspnea, disease severity, daily activity, and quality of life after treatment. However, the difference in the deterioration of the scale scores was very small between the two age groups (Table 7) .
Discussion
It has been shown that age has an impact on the diagnosis and treatment of NSCLC. A higher proportion of elderly patients has poor performance status, early-stage disease, and squamous cell carcinoma, whereas, in contrast, these patients have undergone fewer imaging studies, and fewer of them have received active treatment. 6, 10, 11 Figure 2. Survival curve of 90 NSCLC patients who were treated with paclitaxel plus carboplatin or gemcitabine. The median survival times were 11.6 months in the younger patients (n ϭ 46) and 9.5 months in the elderly patients (n ϭ 44; p ϭ 0.284). See the legend of Figure 1 for abbreviation not used in the text. Since 1996, phase II single-agent vinorelbine treatment studies 12, 13 have shown relatively good response rates and survival times in chemotherapynaïve elderly patients. The Elderly Lung Cancer Vinorelbine Italian Study group (ELVIS) performed a phase III randomized study 14 comparing vinorelbine treatment with the best supportive care alone in elderly NSCLC patients Ն 70 years of age. The response rate was nearly 20% in the patients receiving vinorelbine treatment. The median survival time of 28 weeks in the vinorelbine arm was significantly higher than that of 21 weeks achieved with supportive care only. Vinorelbine treatment also improved cancer-induced symptoms, such as dyspnea, cough, hemoptysis, and pain. 14 Phase II studies [15] [16] [17] of single-agent gemcitabine treatment in chemotherapynaïve elderly patients with NSCLC also revealed response rates between 21.7% and 38.5%, a median survival time ranging from 6.8 to 9 months, and an improved quality of life.
Gemcitabine in combination with vinorelbine is the most common nonplatinum combination chemotherapy that is used in elderly patients. Phase II studies 18, 19 of gemcitabine plus vinorelbine in elderly patients generally have shown good response rates, low toxicity profiles, and long survival times. The Multi-center Italian Lung Cancer in the Elderly Study, which was conducted by Gridelli et al 20 and focused on determining whether polychemotherapy with gemcitabine plus vinorelbine is more effective than single-agent therapy with vinorelbine or gemcitabine, revealed that there was no difference found in survival times between patients who received single-agent treatment and those who received combination treatment. They concluded that combination therapy with gemcitabine plus vinorelbine did not improve patient outcome compared to singleagent treatment, and that single-agent treatment with vinorelbine or gemcitabine should remain a standard treatment for elderly patients. 20 Our study of vinorelbine-plus-gemcitabine chemotherapy in chemotherapy-naïve NSCLC patients showed that the older patients had a better response rate and tolerated the treatment well, despite the fact that myelosuppression and fatigue were relatively more severe in the elderly patients, compared to the younger patients (Table 2 ). Our another phase II randomized study comparing therapy with paclitaxel plus carboplatin to therapy with paclitaxel plus gemcitabine in NSCLC patients 8 also showed that elderly patients tolerated these noncisplatin treatments well (Table 4) .
There have been a number of studies using platinum-based combination chemotherapy. One, the Eastern Cooperative Oncology Group 5592 study, 6 was a randomized cisplatin-based chemotherapy study comparing different doses of paclitaxel with etoposide. In this study, 15% of patients were Ն 70 years of age. Leukopenia and neuropsychiatric toxicity were significantly higher among the elderly patients. However, there was no significant difference in response rate, time to disease progression, median survival time, or 1-year and 2-year survival rates between these two age groups (ie, Ͻ 70 or Ն 70 years of age). Kelly et al 21 retrospectively reviewed two cisplatin-based chemotherapy studies 22, 23 that were performed by the Southwest Oncology Group. One was a paclitaxel-plus-carboplatin therapy vs vinorelbine-plus-cisplatin therapy study, 22 and the other compared cisplatin therapy with and without vinorelbine. 23 They found that there was no significant difference in hematologic toxicity, nonhematologic toxicity, or maximal toxicity between the young and old patients, although the incidence of toxicity of grades 3 to 5 was slightly higher in the older age group. Age also had no effect on time to disease progression and survival time, although survival time was slightly shorter among the older patients. In our cisplatin-based combination chemotherapy study comparing weekly therapy with vinorelbine to weekly therapy with paclitaxel, patients in both age groups had the same response rate (38.6%) [Table 6]. 9 The older patients tolerated treatment well (both age groups had received a median of four cycles of treatment), despite the fact that they had more treatment-induced toxicity and a slightly poorer survival time (Table 6 , Fig 3) . However, there was a small, statistically significant, worsening effect on appetite, fatigue, dyspnea, disease severity, daily activity, and quality of life in elderly patients after treatment compared to the younger patients ( Table 7) . The effectiveness of chemotherapy can be classified into areas of response rate, toxicity profile, survival time, quality of life, and cost-effectiveness. In our study, 8 we found that elderly patients required more frequent OPD visits, and that they visited the hospital (including OPD and emergency department visits, and hospitalization) more frequently during their treatment course than did younger patients (Table 4) . When receiving cisplatinbased chemotherapy, 9 the elderly patients had a significant, but small, difference in the deterioration of appetite, fatigue, dyspnea, and disease severity, and a lessening of daily activity and quality of life, compared to the younger patients (Table 7) . Despite the fact that elderly patients need more frequent hospital visits and are more likely to experience lung cancer symptoms and a deterioration of quality of life, these differences were very small when compared to the younger patients. In addition, the ELVIS study 14 showed that elderly patients receiving chemotherapy had better symptom control than did those without treatment. Thus, based on the ELVIS and our study, we might conclude that the deterioration of lung cancer symptoms occurred relatively more quickly in elderly patients receiving chemotherapy than in younger patients receiving the same; however, this deterioration was less severe and much slower than that in elderly patients who were receiving supportive care only.
The chemotherapy response rate was higher in elderly patients, or no worse than that in younger patients, in a majority of clinical studies. 6, 8, 9, 21 There was no significant difference in survival rate with either cisplatin therapy or non-cisplatin-based combination chemotherapy in elderly patients with NSCLC compared to younger patients, although there was a trend toward poorer survival time in elderly patients in about two thirds of the studies. 6, 8, 9, 20, 21, 24 In ours and other studies, 6,9,21 cisplatin-based combination chemotherapy induced more myelosuppression in elderly patients compared to younger patients. Neurologic toxicity was even higher in elderly patients receiving paclitaxel-and-cisplatin combination therapy, because these two agents both have concomitant neurologic toxicities. 6, 9 The peripheral neuropathy induced by paclitaxel treatment or the asthenia induced by docetaxel are the main issues requiring attention, because both conditions disable elderly patients easily or severely impair their daily activity. 25, 26 In conclusion, age itself should not preclude an elderly patient from receiving chemotherapy. Currently, single-agent chemotherapy and nonplatinum or platinum-based doublets can all be considered as appropriate treatment for fit elderly patients. Clinical sense, drug toxicity profiles, patient comorbidities, cost considerations, and patient preferences form the basis of our choice of which drug to use.
